Social interactions are multifaceted, composed of interlinked sensorymotor behaviors. The individual significance of each of these correlated components cannot be established without observing the full behavior. Recently, Wesson [1] concluded that rats display their submissive status by lowering sniff rate following face-to-face encounters with a dominant conspecific. How rats can perceive such changes in sniff rate is unclear. We recorded sniffing and vocal production of rats during social interactions. Face-toface encounters with a dominant rat immediately elicited 22 kHz alarm calls in the submissive. The large drop in sniff rate observed in submissive rats was caused by the prolonged exhalations needed to produce these calls. We propose that, while submissive rats do lower sniffing rates around face-to-face encounters, dominant rats need not directly perceive this change, but may instead attend to the salient 22 kHz alarm calls.
Multiple behavioral cues could potentially communicate submissive status, of which vocalizations have been studied extensively. During agonistic interactions, submissive rats emit prolonged 22 kHz ultrasonic vocalizations [2, 3] . As noted in their initial discovery, emission of these calls greatly slows respiration [4, 5] . 22 kHz calls emitted after agonistic encounters are thought to act as an appeasement signal, reducing further aggression from the dominant rat ( [2, 6] but see [3] ). However, prior studies of rat social interactions did not examine behavior at fine timescales, making it difficult to assess the role of individual actions in shaping larger behavioral patterns. Given this prominent role of calls in social interactions, we asked whether the observed decrease in sniff rate indicates triggering of 22 kHz calls such that these salient signals would rapidly broadcast social status following interactions.
We monitored social interactions among pairs of adult male rats (7 rats, 8 pairings) while recording sniffing and vocalizations from both animals (see Supplemental Experimental Procedures). In our social arena ( Figure  1A ), 22 kHz calls occurred in six out of eight pairings. These calls were only emitted by the smaller rat in each pair, which was always submissive as determined by independent aggression scores (see Supplemental Figure S1 ). Face-to-face interactions initiated by the dominant rat rapidly triggered emission of 22 kHz calls in the submissive ( Figure 1A , top). This effect was observed in each pairing where 22 kHz calls were detected ( Figure 1B ). As reported in Wesson [1] , the respiratory cycles ('sniffs') from the submissive rat were substantially longer following face-to-face interactions ( Figure 1C tightly correlated with emission of 22 kHz calls ( Figure 1D ). This is expected as call emission is mechanistically linked with breathing [5, 7] . Accordingly, rats maintained long uninterrupted exhalations to accommodate continuous emission of prolonged 22 kHz calls ( Figure 1A bottom; Figure  S2A ). Thus, the observed changes in sniff-cycle duration following face-toface interactions were mirroring the increases in 22 kHz calls ( Figure 1E ). Sniff duration also tracked the time course of 22 kHz emission following face-to-face interactions, with both measures peaking 1 second following interactions and returning to baseline after 5 seconds ( Figure S2B) .
Overall, sniff cycles with 22 kHz calls were approximately five times longer than non-22 kHz sniffs during social interactions ( Figure 1F ). This clear separation by duration makes it possible to identify the emission of 22 kHz calls based on sniff cycle duration alone. To determine whether 22 kHz calls were likely present in the data reported in Wesson [1] , we directly measured the duration of sniffs from the four example panels illustrating decreases in sniff rate following face-to-face interactions. As expected, sniffs reported for dominant rats were short and thus incompatible with 22 kHz call production ( Figure  S2C ). For submissive rats, however, we estimate that 41% of the reported sniffs had 22 kHz calls based on their long duration ( Figure 1G ; and see Supplemental Experimental Procedures). It is therefore likely that the large reductions in sniff rate following face-to-face interactions in Wesson [1] were due to disruption of sniffing behavior by 22 kHz vocal production.
What aspects of rat behavior communicate dominance during social interactions? Wesson [1] showed that sniffing patterns correlate with submissive status during face-to-face encounters. 22 kHz calls are known to signal dominance over long timescales. As expected, submissive rats could be reliably identified by their general emission of 22 kHz calls. Our finding that these calls are rapidly triggered after face-to-face encounters further implicates this signal in communication at faster timescales. During ultrasound emission, rats make prolonged exhalations against a constricted larynx [7] , reflected in our intranasal recordings as periods of flat signal.
Mechanistically, sniffing and vocal output carry redundant information. Rats are known to perceive and react to the loud (60-80 dB) 22 kHz alarm calls [8] , making these salient signals unlikely to be ignored by conspecifics. Even so, sniffing and vocalization are only part of a larger ensemble of correlated behaviors comprising social interactions, including also whisking and postural changes [9, 10] . Disentangling the effects of each individual behavior would require targeted manipulations. Together with Wesson [1] and Wolfe et al. [10] , our studies demonstrate that face-toface encounters are relevant discrete events in the establishment of social dominance.
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Daniel W. Wesson
Animals have evolved behavioral and neural specializations which are optimal for survival within their respective physical environments. I recently proposed [1] that socially interacting rats may monitor each other's sniffing through perception of subtle auditory and/or tactile cues given off by the act of sniffing and further hypothesized the "likely possibility that reciprocal sniffing behavior coincides with other established forms of communication (ultrasonic vocalizations, odor emission) that together allow optimal intraspecific communication". Assini et al. [2] provide a timely test of this hypothesis, and in doing so, show that reciprocal sniffing behavior [1] and ultrasonic vocalizations coincide in their display by submissive rats. Here I attempt to frame these two supportive studies together with the goal of a greater understanding of animal social cognition and communication.
Building upon work by pioneers in the rodent behavior community (too many to cite, but see [3] ), recent studies have provided detailed insights into the complex social displays of sensorimotor behaviors among rats [1, 2, 4] . In my recent study [1] , I directly recorded the sniffing behaviors of rats during social interactions. I found that rats display reciprocal exchanges of face-to-face sniffing which are dependent upon the social status of the rat, independent of odor sampling, and impact future displays of agonistic behavior [1] . During face-to-face encounters, dominant rats increased their sniffing frequency and concomitantly, subordinate rats decreased theirs. Failure of the subordinate rats to decrease their sniffing frequency was correlated with a shortened latency for aggressive behaviors by dominant rats.
On the basis of this finding, I proposed that rats may monitor each other's sniffing through perception of subtle auditory and or tactile cues given off by the act of sniffing [1] . I also hypothesized the "likely possibility that reciprocal sniffing
